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 7DJXFKLRSWLPL]DWLRQPHWKRGDQGJUH\UHODWLRQPHWKRGRIPXOWL RSWLPL]DWLRQ
,QWKH7DJXFKLPHWKRG61UDWLRLVWKHPHDVXUHRITXDOLW\FKDUDFWHULVWLFVDQGGHYLDWLRQIURPWKHGHVLUHGYDOXH61
UDWLRV ZHUHGHWHUPLQHG IRUPDWHULDOUHPRYDOUDWHODUJHU ±LV WKH EHWWHUFULWHULRQE\XVLQJ HTXDWLRQIRUVXUIDFH
URXJKQHVV DQGGLPHQVLRQDOGHYLDWLRQWKH ±VPDOOHU LV WKH EHWWHUFULWHULRQE\XVLQJHTXDWLRQ
ൌ െ   
ൌ െ   
*UH\ UHODWLRQDO DQDO\VLV KDV EHHQZLGHO\ XVHG WR FRQYHUW PXOWLSOH REMHFWLYH RSWLPLVDWLRQ SUREOHPV LQ WR D VLQJOH
HTXLYDOHQWREMHFWLYHIXQFWLRQ7KHVWHSVLQJUH\UHODWLRQDODQDO\VLVDUH*UH\5HODWLRQ1RUPDOLVDWLRQ 'HWHUPLQDWLRQ
RI GHYLDWLRQ &DOFXODWLRQ RI *UH\ 5HODWLRQDO &RHIILFLHQW*5&'HWHUPLQDWLRQ RI *UH\ 5HODWLRQDO *UDGH *5*
'HWHUPLQDWLRQRIRSWLPXP SDUDPHWHUV*5DM\DOD[PL HWDO
 5HVXOWVDQGGLVFXVVLRQV
7KH H[SHULPHQWDO UHVXOWV IRU PDWHULDO UHPRYDO UDWH VXUIDFH URXJKQHVV DQG GLPHQVLRQDO GHYLDWLRQ DUH JLYHQ LQ
7DEOHH[SHULPHQWVZHUHFRQGXFWHG WR SUHSDUHVTXDUHSXQFKHVRIVL]HîPPVKRZQLQ )LJ ,QWKH
SUHVHQWVWXG\DOOWKHGHVLJQVSORWVDQGDQDO\VLVKDYHEHHQFDUULHGRXWXVLQJ0LQLWDEVWDWLVWLFDOVRIWZDUH
7DEOH ([SHULPHQWDOOD\RXWXVLQJDQ/RUWKRJRQDODUUD\DQG H[SHULPHQWDOUHVXOWV
([SHULPHQW1R 7RQ 7RII 69 :3 :) :7
055
PPPLQ
65
ȝP
''
PP
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
         
1618   Bijo Mathew et al. /  Procedia Materials Science  5 ( 2014 )  1613 – 1622 
)LJ 6TXDUHSXQFKHV RIî PP
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 (IIHFWRISURFHVVSDUDPHWHUVRQ PDWHULDOUHPRYDOUDWH
7KHPDWHULDOUHPRYDOUDWHLQFUHDVHVZLWKWKHLQFUHDVHLQSXOVHRQWLPH7KLVLVEHFDXVHWKHGLVFKDUJH HQHUJ\
LQFUHDVHVZLWKWKHSXOVHRQWLPH 7KLVLVEHFDXVHWKHGLVFKDUJHHQHUJ\LQFUHDVHVZLWKWKHSXOVHRQWLPH$VWKHSXOVH
RIIWLPHGHFUHDVHVWKHQXPEHURIGLVFKDUJHVZLWKLQDJLYHQSHULRGEHFRPHVPRUHZKLFKOHDGVWRDKLJKHUFXWWLQJ
UDWH :KHQVHUYRYROWDJHLQFUHDVHVIURP9WR9055VKRZVWKHLQFUHDVLQJWUHQG%XWIXUWKHULQFUHDVHRI
VHUYRYROWDJHUHVXOWVLQWKHGHFUHDVHRI055/DUJHVHUYRYROWDJHPHDQVODUJHLRQL]DWLRQRIWKHGLHOHFWULFIOXLG
EHWZHHQZRUNSLHFHDQGZLUHHOHFWURGHZKLFKUHVXOWVLQKLJKGLVFKDUJHHQHUJ\SHUVSDUN IDYRXUV KLJK055%XW
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IXUWKHULQFUHDVHRIVHUYRYROWDJH IURP9QRWIDYRXULQJ LQWKHPDWHULDOUHPRYDOUDWHDVWKHODUJHDPRXQWRIGHEULV
LV XQDEOHWRFOHDURIIWKHJDSIRUDJLYHQSXOVHRIIWLPH7KHLQFUHDVLQJRIZDWHU SUHVVXUHGHFUHDVHVWKHWHQGHQF\IRU
DUFLQJDQGWKHUH E\LQFUHDVHVWKHPDWHULDOUHPRYDOUDWH,WLVDOVRVKRZQWKDW055LQFUHDVHVZLWKZLUHIHHGDQG
ZLUHWHQVLRQEXW WKHVH HIIHFWVDUHQRWVLJQLILFDQW7KHWUHQGRISDUDPHWHUOHYHOVDUHLQDJUHHPHQWZLWK WKHILQGLQJV RI
9LQRG.XPDU HWDO
)LJ(IIHFWRISURFHVVSDUDPHWHUVRQ055
$VPDWHULDOUHPRYDOUDWHLVWKH³KLJKHUWKHEHWWHU´ W\SHTXDOLW\FKDUDFWHULVWLFLWFDQEHVHHQIURP)LJ WKDWWKHWKLUG
OHYHORISXOVHRQWLPH$ILUVWOHYHORISXOVHRIIWLPH%VHFRQGOHYHORIVHUYRYROWDJH&WKLUGOHYHORIZDWHU
SUHVVXUH'WKLUGOHYHORIZLUHIHHG(DQGWKLUGOHYHORIZLUHWHQVLRQ)SURYLGHPD[LPXPYDOXHRI055
 (IIHFWRISURFHVVSDUDPHWHUVRQ VXUIDFHILQLVK
6XUIDFHURXJKQHVV65LQFUHDVHVZLWKWKHLQFUHDVHRISXOVHRQWLPHDQGGHFUHDVHVZLWKLQFUHDVHLQSXOVHRIIWLPH
DQGZDWHUSUHVVXUH$VWKHSXOVHRIIWLPHGHFUHDVHVWKHQXPEHURIGLVFKDUJHVLQFUHDVHVZKLFKFDXVHVSRRUVXUIDFH
DFFXUDF\$VWKHZDWHUSUHVVXUHLQFUHDVHVEHWWHUUHPRYDOVRIGHEULVWDNHVSODFHLQEHWZHHQZRUNSLHFHDQGZLUH
HOHFWURGHZKLFKUHVXOWVLQWKHLPSURYHPHQWRIVXUIDFHILQLVK:KHQVHUYRYROWDJHLQFUHDVHVIURP9WR9
VXUIDFHURXJKQHVV DOVRLQFUHDVHVEHFDXVHRIKLJKGLVFKDUJHHQHUJ\SHUVSDUNZKLFKPDNHVWKHVXUIDFHURXJK%XW
IXUWKHULQFUHDVHRIVHUYRYROWDJHUHGXFHVURXJKQHVVYDOXH7KHUHDVRQLVZKHQVHUYRYROWDJHH[FHHGVDFHUWDLQYDOXH
WKHDYHUDJHGLVFKDUJHJDSJHWVZLGHQHGUHVXOWLQJLQWREHWWHUVXUIDFHDFFXUDF\GXHWRVWDEOHPDFKLQLQJ:KHQZLUH
WHQVLRQLQFUHDVHVURXJKQHVVYDOXHLQFUHDVHVILUVWDQGWKHQGHFUHDVHV7KHHIIHFWVRIZLUHIHHGDUHQRWYHU\
VLJQLILFDQWIRUVXUIDFHURXJKQHVV7KHWUHQGV RIPRVWSDUDPHWHUVOHYHOVDUHLQ DJUHHPHQWZLWKWKHILQGLQJVRI 6DUNDU
DQG0LWUD 
)LJ(IIHFWRISURFHVVSDUDPHWHUVRQ65
$VVXUIDFHURXJKQHVVLVWKH³ORZHUWKHEHWWHUெW\SHTXDOLW\FKDUDFWHULVWLFIURP)LJ LWFDQEHVHHQWKDWWKHILUVW
OHYHORISXOVHRQWLPH$WKLUG OHYHORISXOVHRIIWLPH%WKLUGOHYHORIVHUYRYROWDJH&WKLUGOHYHORIZDWHU
SUHVVXUH'ILUVWOHYHORIZLUHIHHG(DQGILUVWOHYHORIZLUHWHQVLRQ)UHVXOWLQPLQLPXPYDOXHRIVXUIDFH
URXJKQHVV
 (IIHFWRISURFHVVSDUDPHWHUVRQ GLPHQVLRQDO GHYLDWLRQ
'LPHQVLRQDOGHYLDWLRQ''LQFUHDVHVZLWKLQFUHDVHLQSXOVHRQWLPH$VSXOVHRIIWLPHLQFUHDVHVWKHGLPHQVLRQDO
GHYLDWLRQGHFUHDVHV:LWKWKHLQFUHDVHLQZDWHUSUHVVXUHGHFUHPHQWLQWKHYDOXHRIGLPHQVLRQDOGHYLDWLRQLV
REVHUYHG'LPHQVLRQDOGHYLDWLRQLQFUHDVHVZLWKLQFUHDVHLQVHUYRYROWDJHILUVWDQGWKHQGHFUHDVHV,QFUHDVLQJZLUH
IHHGYDOXHOHDGVWRKLJKHUGLPHQVLRQDOGHYLDWLRQ%XWLQFUHDVHLQZLUHWHQVLRQOHDGVWRORZHUV WKHYDOXH
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'LPHQVLRQDOGHYLDWLRQYDOXHLQFUHDVHVLIWKHHQHUJ\FRQWDLQHGLQDSXOVHLQFUHDVHVWRDODUJHYDOXH7KDW¶VZK\ZKHQ
SXOVHRQWLPHLVYHU\KLJKWKHGLPHQVLRQDOGHYLDWLRQLQFUHDVHV7KHWUHQGV RIPRVWRISDUDPHWHUYDOXHVVXSSRUW WKH
ILQGLQJVPDGHE\6DUNDUDQG0LWUD
)LJ(IIHFWRISURFHVVSDUDPHWHUVRQ ''
$VGLPHQVLRQDOGHYLDWLRQLVWKH³ORZHUWKHEHWWHU´W\SHTXDOLW\FKDUDFWHULVWLFIURP)LJLWFDQEHVHHQWKDWWKHILUVW
OHYHORISXOVHRQWLPH$WKLUGOHYHORISXOVHRIIWLPH%ILUVWOHYHORIVHUYRYROWDJH&WKLUGOHYHORIZDWHU
SUHVVXUH'ILUVWOHYHORIZLUHIHHG(DQGWKLUGOHYHORIZLUHWHQVLRQ)SURYLGHPLQLPXPYDOXHRI
GLPHQVLRQDOGHYLDWLRQ
 *UH\UHODWLRQDODQDO\VLV
*UH\ UHODWLRQDO DQDO\VLVZDV FDUULHG E\ IROORZLQJ WKH VWHSV PHQWLRQHG LQ WKH VHFWLRQ  7KH JUH\ UHODWLRQDO
FRHIILFLHQWV DQG WKH JUH\ UHODWLRQ JUDGH DQG 61 UDWLR RI JUH\ UHODWLRQ JUDGH FRQVLGHULQJ WKH ODUJHU LV WKH
EHWWHUZHUHFDOFXODWHG DQG WDEXODWHGLQWDEOH 7KHPDLQHIIHFWSORWIRUPHDQV DQG 61UDWLRRIJUH\UHODWLRQJUDGH DUH
VKRZQLQ)LJ
7DEOH *UH\UHODWLRQDOFRHIILFLHQWDQGJUH\JUDGH
([SHULPHQWDO
QXPEHU
*UH\UHODWLRQDOFRHIILFLHQW *UH\UHODWLRQDO
JUDGH
61UDWLRIRU*UH\
UHODWLRQJUDGH
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)URP WKH )LJ WKH RSWLPXP FRPELQDWLRQ RI SURFHVV SDUDPHWHUV IRU PXOWLSOH SHUIRUPDQFH FKDUDFWHULVWLFV LH
PD[LPXPPDWHULDOUHPRYDOUDWHPLQLPXPVXUIDFHURXJKQHVVDQGPLQLPXPGLPHQVLRQDOGHYLDWLRQLVSXOVHRQWLPH
OHYHOSXOVHRIIWLPHOHYHOVHUYRYROWDJHOHYHOZDWHUSUHVVXUHOHYHOZLUHIHHGOHYHODQGZLUHWHQVLRQOHYHO
7KHHVWLPDWHGPHDQRIWKHUHVSRQVHFKDUDFWHULVWLFFDQEHGHWHUPLQHGE\
ȝJUDGH $%&'()7
 ; 
7LV WKH DYHUDJHRIJUH\UHODWLRQJUDGH FRUUHVSRQGLQJ WRDOOWKHUHDGLQJV
)LJ(IIHFWRISURFHVVSDUDPHWHUVRQ*UH\UHODWLRQJUDGH
&RQILUPDWLRQH[SHULPHQW ZDV FRQGXFWHGDWWKHRSWLPXPVHWWLQJVRISURFHVVSDUDPHWHUV7KHRXWSXWFKDUDFWHULVWLFVDW
WKLV FRPELQDWLRQ RI LQSXW SDUDPHWHUV DUH 055 LV PPPLQ 65 LV ȝP DQG'' LV%\ XVLQJ WKH
SURFHGXUHRIJUH\UHODWLRQDODQDO\VLVIRUWKHYDOXHVPHQWLRQHGDERYH WKHJUH\UHODWLRQDOJUDGHLV7KHJUDGH
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XVLQJ7DJXFKLRSWLPL]DWLRQPHWKRGDQGJUH\UHODWLRQDODQDO\VLVLVWDEXODWHGLQWKHWDEOHV DQG
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6O1R 3URFHVVSDUDPHWHU 0DWHULDO5HPRYDO5DWH
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 &RQFOXVLRQV
7KLVSDSHUKDVSUHVHQWHG H[SHULPHQWDOVWXGLHVRQPXOWLREMHFWLYHRSWLPLVDWLRQRISURFHVVSDUDPHWHUVRQ:('0RI
$,6,6WDLQOHVVVWHHOXVLQJ 7DJXFKL *UH\5HODWLRQDO$QDO\VLV7KHFRQFOXVLRQVRIWKLVSUHVHQWVWXG\DUH
 7KH DQDO\VLV RI H[SHULPHQWDO UHVXOWV LV FDUULHG RXW XVLQJ 7DJXFKL¶V RUWKRJRQDO DUUD\ DQG 61 UDWLR 7KH
OHYHORIWKHEHVWRIWKH SURFHVV SDUDPHWHUVRQ PDFKLQLQJRI$,6,6WDLQOHVVVWHHODQGRXWSXWSDUDPHWHUV
PDWHULDOUHPRYDOUDWHVXUIDFHILQLVKDQGGLPHQVLRQDOGHYLDWLRQDUH GHWHUPLQHGE\XVLQJ 61UDWLR
 7KH RSWLPXPSURFHVVSDUDPHWHUVZKLFK SURYLGHPD[LPXPYDOXHRI055 DUH WKLUGOHYHORISXOVHRQWLPH
$ ILUVW OHYHORISXOVHRII WLPH % VHFRQG OHYHORI VHUYRYROWDJH & WKLUG OHYHORIZDWHUSUHVVXUH
'WKLUGOHYHO RIZLUHIHHG(DQGWKLUGOHYHORIZLUHWHQVLRQ)
 7KHRSWLPXPSURFHVVSDUDPHWHUVZKLFK PLQLPXPYDOXHRIVXUIDFHURXJKQHVV DUHILUVWOHYHORISXOVHRQWLPH
$WKLUGOHYHORISXOVHRIIWLPH%WKLUGOHYHORIVHUYRYROWDJH&WKLUGOHYHORIZDWHUSUHVVXUH'
ILUVWOHYHORIZLUHIHHG(DQGILUVWOHYHORIZLUHWHQVLRQ)
 7KHRSWLPXPSURFHVVSDUDPHWHUVZKLFK SURYLGHPLQLPXPYDOXHRIGLPHQVLRQDO GHYLDWLRQDUH ILUVWOHYHORI
SXOVHRQWLPH$WKLUGOHYHORISXOVHRIIWLPH%ILUVWOHYHORIVHUYRYROWDJH&WKLUGOHYHORIZDWHU
SUHVVXUH'ILUVWOHYHORIZLUHIHHG(DQGWKLUGOHYHORIZLUHWHQVLRQ)
 2SWLPXPFRPELQDWLRQRISURFHVVSDUDPHWHUVIRUPXOWLSOHSHUIRUPDQFHFKDUDFWHULVWLFV XVLQJJUH\UHODWLRQDO
DQDO\VLV LV ZLWK SXOVH RQ WLPH OHYHO$ SXOVH RII WLPH OHYHO % VHUYR YROWDJH OHYHO & ZDWHU
SUHVVXUHOHYHO'ZLUHIHHGOHYHO( DQGZLUHWHQVLRQOHYHO)
 7KHJUH\UHODWLRQJUDGHREWDLQHGZLWKWKHH[SHULPHQWDOYDOXHVSRVHVOHVVWKDQHUURUZLWKWKHSUHGLFWHG
PHDQ
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